Abstract: This study examines the decadal change in the relationship between two major Indian Ocean (IO) sea surface temperature patterns, namely the Indian Ocean dipole (IOD) and northern IO and the East Asia summer monsoon (EASM) in the early 2000s. In 1991-1999, the former epoch, the interannual variability of EASM was associated with the IOD-like pattern in the original paper and its relationship weakened in 2000-2016. There are two possible causes for this decadal change; stronger land-sea thermal contrast as a local forcing in latter epoch, which may result in the weakening of the relationship between the IO and the EASM. In addition, the influence of El Niño-southern Oscillation (ENSO) on the western North Pacific subtropical high (WNPSH) could be changed depending on the frequency of ENSO. In the 2000s, the intensity of the low frequency (LF)-type ENSO (42-86 months period) events was weaker compared to the former epoch but that of quasi-biennial (QB)-type ENSO (16-36 months period) remained persistent. This could explain that the QB-type ENSO is remote forcing that modulates the change in the relationship between the tropical IO patterns and EASM in the 2000s.
Introduction
The Asian summer monsoon includes three monsoon subsystems, namely the East Asian summer monsoon (EASM), western North Pacific summer monsoon (WNPSM) and the Indian summer monsoon (ISM) [1, 2] . Because the EASM is located at the midlatitudes and is affected by the tropics and the mid latitude system, EASM is has a fairly complex structure [3] . In addition, the associated monsoon circulation in summer induces various disasters such as flood, drought and landslide, which lead to serious environmental, economic and social losses and human casualties. Thus, prediction of the EASM for the next decade is necessary to prevent a large amount of losses in various fields and it should be more emphasized [4, 5] .
The EASM has multi-timescale variabilities such as intraseasonal, interannual, decadal and interdecadal variability [2, 6, 7] . Interannual variation in the anomalous heating over Tibetan Plateau (TP) has an effect on the interannual variation in the EASM and enhances the rainfall over East Asia.
The mechanisms of connection induced by the TP warming are the isentropic uplift to the east of the TP and the Rossby wave teleconnection pattern. The remote impact of Rossby wave starts from the upper-level troposphere, propagating eastward and downward and dispersion of the wave generates upper-level anticyclonic circulation with a strong northerly to its east side and a weak southerly to its west side. Thus, cyclonic vorticity develops to the east of the strong northerly and then the wave train develops along the westerly Jet stream at around 40 • N. Then, the downward motion results in the low-level anticyclone to the east of Japan [8] . Additionally, the interannual variability of the EASM is related to the El Niño-Southern Oscillation (ENSO) during its developing and decaying phase and there is a bridge structure linking to the EASM and ENSO via the anomalous western North Pacific Subtropical High (WNPSH) [9, 10] . In particular, in the Yangtze River Valley, the excessive rainfall is affected by El Niño events during its decaying phase [11, 12] . Other relationships between the interannual variability of EASM and the Eurasian winter/spring snow cover [13] , Indian Ocean (IO) sea surface temperature anomalies (SSTA) [14] , Pacific SSTA patterns [15] [16] [17] [18] , Northern Atlantic Oscillation (NAO) and Arctic Oscillation (AO) [19, 20] have been investigated in previous studies.
The interdecadal relationship shifts between East Asian summer monsoon index (EASMI) and other phenomena were observed in the late-1970s in many previous studies [21] [22] [23] [24] . Studied by Ding et al. (2010) [21] showed the interdecadal change in the relationship between EASM and the tropical IO for 1953-1975 and 1979-2000 and the distinct SSTA patterns over the tropical IO were associated with the EASMI during each period. The causes of interdecadal shift in the relationship were weakened land-sea thermal contrast and interaction between the ENSO and IO. After 2000, the EASM circulation shows a decadal shift, which is completely different from patterns in previous periods [25] . In accordance with Huang et al. (2018) [25] , for 1979-1999, the western Pacific subtropical high (WPSH) show significant influence on the EASM. Meanwhile, after 2000, the Pacific-Japan (PJ) pattern has been absent and the influence of WPSH on the EASM has become weaker. As the part of WPSH region is included in the region used in this study to define EASMI, we focus on the interannual and decadal variability of EASMI. Besides, we have observed the decadal shift in the relationship with the tropical IO which is an important external forcing of the EASM. Since it is important to prepare for disasters in near future (within 10-year) such as flood, drought associated with the tropical IO SST pattern, observing the decadal shift in the relationship is meaningful. In this study, we examine the decadal change in the relationship between the tropical IO SSTA patterns and EASM for 1991-2016 and suggest possible factors that can contribute to the change in relationship between the tropical IO-EASM. This paper is organized as follows: Section 2 explains the dataset and analysis methods used in this study. In Section 3, we quantify the decadal changes in EASM related to the SSTA patterns in the tropical IO and analyze anomalous atmospheric circulation pattern responses by EASMI and tropical IO indices to compare their interannual variability with decadal changes in the relationship. In Section 4, the possible reasons for the change in relationship between EASMI and tropical IO are discussed. The discussion and conclusion are provided in Section 5.
Data and Methodology
The monthly mean datasets used in this study are circulation variables from National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric Research (NCAR) reanalysis dataset, the European Centre for Medium-Range Weather Forecast (ECMWF) Interim reanalysis dataset and the Sea surface temperature (SST) field from the National Oceanic and Atmospheric Administration (NOAA) Extended Reconstructed SST (ERSST) version 5 and precipitation field from the Global Precipitation Climatology Project (GPCP) ( Table 1 ). The atmospheric variables from the NCEP/NCAR reanalysis are the geopotential height at 500 hPa, zonal and meridional wind at 850 hPa and the surface air temperature is from ERA-interim. 1953-2016 1979-2016 1979-2016 1953-2016 To characterize the interannual variability and seasonal cycle of the East Asian monsoon, the EASMI is defined by the regionally averaged seasonal (JJA) dynamical normalized seasonality (DNS) over the East Asian monsoon domain (10 • N-40 • N, 110 • E-140 • E) [26] . The DNS is derived from
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where V 1 and V i are the January climatology and monthly wind vectors at 850 hPa on each grid point, respectively and V is the mean of the January and July climatological wind vector at the same grid point. The value 2 is subtracted on the right side of Equation (1) because 2 is the critical value of significance for the quantity
. The positive δ denotes the summer monsoon and the negative δ denotes the winter monsoon in the Northern Hemisphere. It should be noted that the definition of the EASMI is controversial [27] . The EASMI used here emphasizes the northern China rainfall and has a different meaning to the conventional WNPSM index. A positive value of the EASMI is characterized by an extensive southerly penetrating inland to northern China, which corresponds to enhanced rainfall in northern China and a weak mei-yu/baiu/changma. Despite the reversed sign of the EASMI, our results obtained in this study remain robust.
In the leading EOF modes of the tropical IO SSTA in 1953-2016, the first mode is the Indian Ocean Basin (IOB) mode, which includes the Northern Indian Ocean (NIO) mode and the second is the Indian Ocean Dipole (IOD) mode [28] . The Indian Ocean Dipole index (IODI) is defined by a time series, which represents the difference in area averaged SSTA between the tropical western IO (10 • S-10 • N, 50 • E-70 • E) and the tropical eastern IO (10 • S-10 • N, 90 • E-110 • E) [28] . As the positive IOD mode is described, the warming (cooling) pattern is in the tropical western IO (eastern IO). In addition, the northern Indian Ocean index (NIOI) is defined by area averaged SSTA over the northern IO (5 • S-25 • N, 50 • E-100 • E) [21] . We examine the NIO mode instead of the IOB mode to illustrate the complexity of the tropical IO warming. The tropical Indian Ocean exhibits warming trend almost all the year round and shows considerable regional variations. The SST patterns over the NIO show differences depending on the season and the latent heat flux over the NIO shows two peaks in Nov-Dec and Jun-Aug, with the summer peak showing a larger magnitude. Besides, in the summer, the monsoon westerlies are located in the NIO and move into the western North Pacific (WNP) region via the South China Sea [29] . Therefore, NIO is more suitable than IOB for exploring the relationship between EASM and tropical IO.
We have used the original indices (e.g., EASMI, IODI, NIOI, NAO, ENSO indices) without any filtering to calculate the relationship. For the analysis, we have removed the annual cycle and applied 11 year high-pass filter from circulation variables to explore the relationship between interannual variabilities of circulation anomalies during each period, which is similar to removing the low-frequency variability or a trend for the period. The high pass filter effectively eliminates all variability at time scales longer than the cutoff and achieves a robust interannual signal. Following Ding et al. (2010) [21] , we carried out the 15-year sliding correlation computation for the year −7 to year +7 period with additional datasets after 2000. The sliding correlation method is used to quantitatively examine the decadal change in relationship between the EASM and other phenomena. Ding et al. (2010) [21] separated the entire period into two parts: PRE (1953 PRE ( -1975 and POST (1979 POST ( -2000 . However, in this study, the whole period ) is longer than that of datasets used in Ding et al. (2010) [21] and is separated into four parts with distinct correlation patterns between EASM and tropical IO. These four parts are defined as follows: P1 (1953-1975) , P2 (1979-1990) , P3 (1991-1999) and P4 (2000-2016) . Therefore, the POST part (1979-2000) defined in Ding et al. (2010) [21] is divided into two periods (P2 and P3) in this study.
Decadal Change in the Relationship between the Tropical IO-East Asian Summer Monsoon

Examining the Revisited Relationship between the Tropical IO-EASM
To determine the characteristics of the indices, Figure 1 shows normalized interannual variability of EASMI, IODI and NIOI with decadal variability superposed upon it. All indices have explicit interannual variability. The EASMI also has dominant decadal variability and slightly negative trend with weakened intensity after late 1970s. In accordance with Li and Zeng (2002) [26] , there is clear connection between the EASMI and summer rainfall in the lower-middle reaches of the Yangtze River in China. In particular, droughts appearing in the valley are associated with strong positive EASMI years. Moreover, summer precipitation in the East Asia clearly displays a PJ pattern with wet WNP region and dried EASM region in strong positive EASMI years. The IODI has weak decadal variation and is expected to get relatively strong interdecadal variation. In the NIOI, it has weak decadal variation and positive trend associated with the global warming [30] . 
To determine the characteristics of the indices, Figure 1 shows normalized interannual variability of EASMI, IODI and NIOI with decadal variability superposed upon it. All indices have explicit interannual variability. The EASMI also has dominant decadal variability and slightly negative trend with weakened intensity after late 1970s. In accordance with Li and Zeng (2002) [26] , there is clear connection between the EASMI and summer rainfall in the lower-middle reaches of the Yangtze River in China. In particular, droughts appearing in the valley are associated with strong positive EASMI years. Moreover, summer precipitation in the East Asia clearly displays a PJ pattern with wet WNP region and dried EASM region in strong positive EASMI years. The IODI has weak decadal variation and is expected to get relatively strong interdecadal variation. In the NIOI, it has weak decadal variation and positive trend associated with the global warming [30] . Based on the 15-year sliding correlation patterns, the whole period (1953-2016) is divided into four parts with distinct relationships between the tropical IO-EASMI (Figure 2a) . When the individual time series of sliding correlation are computed with a 15-year sliding window (Figure 2a) , the endpoints of the decided period boundaries are not close to the actual values because the sliding correlation method was used. However, in the other sliding correlations with shorter sliding window lengths (Figure 2b,c) , the endpoints are very close to the result determined by 15-year sliding window. Therefore, the decided endpoints are meaningful. In the first period , the EASMI is highly related to positive IODI (Figure 2) , which indicates that a positive correlation pattern exists in the western IO and a negative correlation pattern exists in the eastern IO (Figure 3a) . In the second period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , the EASMI is significantly related to the negative NIO, not to the positive IOD ( Figure 2a ) and a negative correlation is found in the northern IO (Figure 3b ).
In the third period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , the EASMI has a relationship with the negative NIOI and positive IODI but the correlation coefficient with the IODI is more noteworthy. The spatial SSTA pattern only shows a positive IOD pattern with significant negative correlation in the eastern IO (Figure 3c ). 
Changed Influence of the EASMI on the East Asian Summer Circulation
We found that the relationship between tropical IO-EASM is revisited for 1991-1999 (P3) and a decadal change is observed in these relationships for 1991-1999 (P3) and 2000-2016 (P4). In this part, we show the changes in interannual variability of atmospheric circulation regressed to the EASMI. The high pass filtered atmospheric circulation anomalies are the geopotential height at 500 hPa, zonal and meridional wind at 850 hPa, surface air temperature and precipitation. The significance are described by shading in the geopotential height, wind, surface air temperature field and dot in the precipitation field and they are computed in each period with Student's t-test used when the number of samples is unequal. Non-shaded and non-dotted area fails to pass a field significance test at the 10% level and less than 10% of the area passes the 0.1 p-value of the t-test [31] . However, due to lack of a large enough sample size, we realized that the existence of areas passing significant tests is only considered. In 1991-1999, the regression pattern of 500 hPa geopotential height displays significant negative-positive-negative anomalies as tripolar patterns over East Asia (Figure 4a ), such as the East Asia-Pacific (EAP) teleconnection pattern [32, 33] . In addition, the negative anomalies in the WNP region are associated with the weakened WNPSH. Compared with patterns in 1979-1990 (not shown), however, negative anomalies are weaker and the centers of significant positive anomalies move westward to Northeast China with stronger and more significant tripolar patterns during the period P3. The regression patterns of wind vector at 850 hPa show an anomalous cyclone over the WNP region and an anticyclone over the region encompassing Korea, Northeast China and Japan (Figure 4c ). The patterns of geopotential height and wind in Figure 4a ,c seem to satisfy the vertically barotropic structure over the tripolar region. In addition, the westerly wind over the tropical IO and western Pacific is stronger and more significant than in 1979-1990 (not shown). At the surface, significant warm air temperature anomalies are found over the Northeast China and negative anomalies are found over the western Pacific (Figure 4e ). This surface air temperature structure generates the stronger land-sea thermal contrast. In the precipitation, the PJ pattern is displayed with the wet WNP and dried East Asia including Korea, Japan and Northeast China. In addition, the drying anomalies are located in the eastern and northern Indian Ocean (Figure 4g ).
In contrast, during the period of P4 (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , the regression patterns show distinctly different features from those of the period P3 (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . The tripolar pattern of the regressed 500 hPa 
We found that the relationship between tropical IO-EASM is revisited for 1991-1999 (P3) and a decadal change is observed in these relationships for 1991-1999 (P3) and 2000-2016 (P4). In this part, we show the changes in interannual variability of atmospheric circulation regressed to the EASMI. The high pass filtered atmospheric circulation anomalies are the geopotential height at 500 hPa, zonal and meridional wind at 850 hPa, surface air temperature and precipitation. The significance are described by shading in the geopotential height, wind, surface air temperature field and dot in the precipitation field and they are computed in each period with Student's t-test used when the number of samples is unequal. Non-shaded and non-dotted area fails to pass a field significance test at the 10% level and less than 10% of the area passes the 0.1 p-value of the t-test [31] . However, due to lack of a large enough sample size, we realized that the existence of areas passing significant tests is only considered. In 1991-1999, the regression pattern of 500 hPa geopotential height displays significant negative-positive-negative anomalies as tripolar patterns over East Asia (Figure 4a ), such as the East Asia-Pacific (EAP) teleconnection pattern [32, 33] . In addition, the negative anomalies in the WNP region are associated with the weakened WNPSH. Compared with patterns in [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] (not shown), however, negative anomalies are weaker and the centers of significant positive anomalies move westward to Northeast China with stronger and more significant tripolar patterns during the period P3. The regression patterns of wind vector at 850 hPa show an anomalous cyclone over the WNP region and an anticyclone over the region encompassing Korea, Northeast China and Japan (Figure 4c ). The patterns of geopotential height and wind in Figure 4a ,c seem to satisfy the vertically barotropic structure over the tripolar region. In addition, the westerly wind over the tropical IO and western Pacific is stronger and more significant than in 1979-1990 (not shown). At the surface, significant warm air temperature anomalies are found over the Northeast China and negative anomalies are found over the western Pacific (Figure 4e ). This surface air temperature structure generates the stronger land-sea thermal contrast. In the precipitation, the PJ pattern is displayed with the wet WNP and dried East Asia including Korea, Japan and Northeast China. In addition, the drying anomalies are located in the eastern and northern Indian Ocean (Figure 4g ).
In contrast, during the period of P4 (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , the regression patterns show distinctly different features from those of the period P3 (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . The tripolar pattern of the regressed 500 hPa geopotential height disappears and the negative anomalies appear over WNP and North Pacific (NP) region (Figure 4b ). In particular, areas with negative anomalies in the WNP region are reduced in the zonal direction and the intensity of these significant anomalies decreases. At 850 hPa, only anomalous cyclones are observed over the WNP region and the anomalous anticyclone over Korea, Northeast China and Japan disappears. Furthermore, there is westerly wind in the region from eastern IO to the western Pacific (Figure 4d) . However, the significant areas are reduced and their intensities seem to be weaker than those in P3 (Figure 4c) . The regression pattern of the surface air temperature exhibits few significant patterns (Figure 4f ). In the precipitation, the PJ pattern disappears and the dried areas expand to all of the India. In other words, the summer circulation patterns, which are related to EASMI, have completely different structures for 1991-1999 and 2000-2016, especially in the region encompassing Korea, Northeast China and Japan (Figure 4h ).
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Influence of the IO SSTA Patterns on Summer Circulation Anomalies in East Asia
As we mentioned in Figure 3 , there are changes in the relationships between EASM and two major IO SSTA patterns. In this part, we account for the responses of the East Asian summer circulation anomalies to the discernible SSTA pattern in the tropical IO during the periods 1991-1999 (P3) and 2000-2016 (P4). To clarify the impact of IOD on the East Asia summer circulation, we select the 15 high-IODI and 17 low-IODI event years with ±0.7 standard deviations of IODI for the entire period . The two (1994 and 1997) and five (2003, 2007, 2008, 2012 and 2015) high summer IODI years are included in the periods P3 and P4, respectively. The four (1992, 1995, 1996 and 1998) and five (2001, 2002, 2013, 2014 and 2016 ) low summer IODI years are included in the periods P3 and P4, respectively. Figure 5 represents 500 hPa geopotential height, 850 h Pa wind, surface air temperature and precipitation field during strong positive IOD events in P3 and P4. For the period P3 (1991-1999) , the 500 hPa height pattern reflected by strong positive IOD events exhibits a negative-positive-negative tripolar pattern over East Asia, which is similar to the EAP or PJ pattern (Figure 5a ). Although the negative anomalies of the tripolar pattern show small significance unlike positive anomalies, the center positions of the anomalies are located in the same positions as those in Figure 4a . In the 850 hPa wind, the anomalous anticyclone is located over Northeast Asia and a cyclone associated with the WNPSH is located over the WNP region. In addition, strong anomalous westerly wind appears in the IO and western Pacific (Figure 5c ). The surface air temperature pattern shows notable warming over Northeast Asia with a strong large land-sea thermal contrast and significant cooling anomalies over the land region of India and the maritime continent ( Figure 5e ). As a result, this thermal contrast drives the strengthening monsoon system. The precipitation pattern reflected by strong positive IOD events exhibits the PJ pattern (Figure 5g ). These composite difference patterns are quite similar to circulation patterns reflected by EASMI shown in the left panels of Figure 4 . This confirms that there is a positive relationship between the EASMI and IOD pattern during the period P3.
In the 2000s, the composite difference patterns differ from the patterns for period P3. The only negative anomalies are observed in central western China in the 500 hPa height (Figure 5b ). However, there are no significant circulation flow, surface air temperature, precipitation anomalies (Figure 5d,f,h ). This indicates that the variability of IOD events is similar to that of the EASMI during P3, not P4. This suggests that the decadal change of ocean-atmosphere system can affect and alter the interannual relationship between the tropical IO and EASM.
Based on the same method used to select IODI event years, we choose high-NIOI and low-NIOI event years for applying the composite difference method. However, in the height, wind, surface air temperature and precipitation patterns, there are no similar patterns in the Figure 4 and no significant pattern over East Asia (not shown). The features of these patterns suggest that NIO events are not significantly associated with the EASM and other factors would be related to EASMI, not SSTA patterns over the IO.
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Possible Causes for the Change in Relationship between Tropical IO and EASM
The EASM has been affected by various forcing that combine local forcing [34] and lots of remote forcing. In the remote forcing, representatively, SST patterns in the Pacific [13] [14] [15] [16] , spring Atlantic [35, 36] and May Arctic Oscillation (AO), which modulates the WNPSH [20] , are included. Warming in the tropical IO operates like a capacitor, causing the atmospheric anomalies in the Indo-western Pacific and Kelvin wave anchored by atmospheric anomalies suppresses the convection in the subtropical WNP region which has strong relationship with EASM [37] . In Figures 4 and 5 , we represent the atmospheric circulation patterns that are associated between EASM and tropical IO. Besides, we find marginally significant decadal and interdecadal changes in the relationship between the tropical SSTA and EASM for 1953-2016 with a decreased relationship after 2000.
The spring NAO which is another remote forcing can lead summer time SST patterns to display tri-pole structures in the North Atlantic and this SST pattern plays a key role in linking the EASM and NAO via subpolar teleconnection, such as Atlantic-Eurasian wave train [35, 36] . For identifying spring NAO, the monthly NAO index derived from Climate Prediction Center (CPC)-NOAA data is used. Figure 6 shows the correlation distributions between the 500 hPa stream function and EASMI in the Atlantic and Eurasia during P3 and P4. In the P3 (Figure 6a ,h) , Unit: mm/day) anomalies between the summer high-and low-IODI during the periods P3 and P4. In the height, wind, surface air temperature field, the shaded areas denote the significance at the 90% confidence level with the Student's t-test in each period length. In the precipitation field, the shaded areas indicate value and dotted areas denote the significance at the 90% confidence level with the Student's t-test in each period length.
The spring NAO which is another remote forcing can lead summer time SST patterns to display tri-pole structures in the North Atlantic and this SST pattern plays a key role in linking the EASM and NAO via subpolar teleconnection, such as Atlantic-Eurasian wave train [35, 36] . For identifying spring NAO, the monthly NAO index derived from Climate Prediction Center (CPC)-NOAA data is used. Figure 6 shows the correlation distributions between the 500 hPa stream function and EASMI in the Atlantic and Eurasia during P3 and P4. In the P3 (Figure 6a ), a wave train at north of 40 • N appears from the North Atlantic to East Asia and the significant positive anomalies are located in the North Atlantic, Ural Mountains and Okhotsk Sea. These positions of positive anomalies are nearly similar to the Atlantic-Eurasian wave train which was mentioned in previous study [36] , Figure 2b . However, in the P4, outstanding wave pattern disappears at north of 40 • N. Therefore, the spring NAO affects EASM during 1991-1999 and conversely has weak relationship with EASM for 2000-2016.
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Discussion and Conclusions
In this study, we investigated the decadal changes in the relationship between EASMI and the tropical IO SSTA for the summertime from 1953-2016. The entire period can be divided into four parts based on distinct shifts in the relationship. In the periods of 1953-1975 (P1) and 1991-1999 (P3), the positive IOD-like pattern related to the EASMI is dominant over the tropical IO. There is a negative NIO-like pattern associated with the EASMI over the IO for 1979-1990 (P2). In addition, the anomalous SST pattern over the tropical IO influences the EASM via anomalous WNP circulation. On the other hand, for 2000-2016 (P4), the EASMI has a weak relationship with tropical IO SSTA patterns such as IOD and NIO mode. This means that the relationship between tropical IO-EASM is weakened and another factor is likely responsible for the change.
From the present study, it is noted that one possible factor for the change in the relationship between the tropical IO and EASM is the enhanced influence of local forcing on EASM. Remote forcing and local forcing have influenced the EASM. The large land-sea thermal contrast as a local 
From the present study, it is noted that one possible factor for the change in the relationship between the tropical IO and EASM is the enhanced influence of local forcing on EASM. Remote forcing and local forcing have influenced the EASM. The large land-sea thermal contrast as a local forcing of EASM has been selectively dominated. Compared with distribution of surface air temperature for 1991-1999 (P3), the land-sea thermal contrast during the period of P4 is large and the influence of local forcing is enhanced. Due to enhanced direct influence of local forcing on EASM, the relationship between tropical IO SSTA and EASM has relatively decreased since 2000. The other possible factor for the change in relationship is the decreased intensity of LF-type ENSO. Between the periods P3 and P4, the largest difference in the circulation is associated with circulation patterns opposite to those in the LF-type ENSO events. Furthermore, when the LF-type ENSO is dominant, the circulation patterns are related to those with respect to EASMI during period P3. When the QB-type ENSO is dominant, the circulations are associated with those reflected by the EASMI during period P4. In terms of the LF and QB-type ENSO indices, the intensity of the LF-type ENSO sharply weakens after 2000, unlike the persistent QB-type ENSO. In other words, due to the weakened intensity of the LF-type ENSO, the EASMI is relatively associated with the QB-type ENSO and the relationship between EASM and tropical IO SSTA has decreased relatively since 2000.
Global warming and anthropogenic forcing are likely responsible for the steady weakening of the circulation [49, 50] . In particular, the EASMI used in this study is defined by the seasonal difference of low-level wind at 850 hPa. Therefore, we need to reconfirm the indices, which have been defined by the wind field and challenge to involve the changes in circulation over the East Asia such as modulation of WNPSH with the warmer land and warm oceans and westward extension of WNPSH, in the future studies [25, 51] . Additionally, because there are active interactions between remote forcing, we need to understand the independence and importance of the tropical IO effect [52, 53] . 
